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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR WAFER 

SSSSRo BE SOLVED: To 

^X^^^l ttSSSSBZ sim P ,e lamination structure and is 
provided with an Si layer having little crystal defect. Dr0 vided with a process for 

growing epitaxially an S,Ge layer on a J^«£™ a second ^ fer via an oxide film, and a process for 

tffi&S^+&^& ^ ,he second wafer and exposin9 ,he s ' layer 

including lattice strain. 
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METHOD OF MANUFACTURING SEMICONDUCTOR WAFER - SEHCo Takemine & MasaK, 
DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

Efa«aasassaaasKsar---*- 

t° 0021 othnH fnr raisina the performance of the semiconductor device using the 

[Related Art] As a way method for ra *£™ »2Seeof electron transfer in a silicon single crystal, 
silicon single crystal, it is effect.ve tor _a.se the^ d^o^e ewon ^ possib|e fe 

Then, the mobility ^ « « TO . r «^f a i u2 2X^7 distortion Si layer is called hereafter.) 
examined by by [ which are distorted anduesa gwnBj K {q ^ sj|jcon S|ng|e 

for the barrier layer of for example, an n ^"^^ISaT^ made distortion inherent, 
crystal which has the usual f f?™^ a distortion Si layer is 

[0003] The manufacture method <*■ "EJjJf Fach of Sch technology is what is distorted by 
ndicated by JP.9-180999.A ^'^^^^^^^S^WK lattice constant than Si. It 

growth, spatter, etc.). This is explain * "j**^ * ^g 0999 A lt is wha t has the structure of a 
[0005] First, the semiconductor wafer ndmahadby JP.9 v ^5^, 0 . |ayer/ si substr ate in order from a 

accompanied by four epitaxial growth. 1 1-233440 A It is what has the structure of 

f0006] Moreover, the semiconductor "^«JJ?J^ n order from a waterfront face, the 
distortion Si layer / CaF two-layer/CS.Ge layer) / S. substrate in <x ^ growth) 

manufacture process As shown 'n|»^ • ' ^ "ft™ p epa P ratior ; (Step 200) ->CaF two-layer 

The £ hJS^KK aVpecia. r a yer called CaF2 with at least two thin film 

Thus, by the conventional 
structures accompanied by many processes ^^^^ asem]condu dtoTymfetih^ 
[0008] this invention aims at offering the ^^^^TtmMB has sufficient grid distortion to 
semiconductor wafer which is made in order ^^^^S^n^ stoJcture, and has Si 

e a ^ mp,e manufacture process - 

ffs for Solving the Prob^ 

manufacture "^^f^S^S S^inStaS^I wafer, it was combined with the 
layer epitaxially on the front face of the 1st srticon s ngie cry rf ^ wafer ^ 

process which combines the front fece fJ^£S^'^^ the process at which Si layer which 
oxide film, and this 2nd wafer - ^^^^^mt in grid distortion is exposed 
thin-film-izes the 1st sil.con-single-crys tal wafer ^^ l J^Sond^ vwff» of this invention The 
[0010] The 2nd mode of the manufacture method of ^JJJJJ™ 1st siliC on-single-crystal wafer, 
proceis which grows a SiGe layer C face of this SiGe layer, or the front 

The process which forms an ox.de film in eithe nt [alto m tj nej ^ g m ggs jon |ntQ 

face of the 2nd wafer, The P^^^g?^ and fon^ a minute foam layer, this 

the 1st silicon-single-crystal wafe ; th ™^^^ layer after combining the 1st s.l.con- 

- " by having the process which exf0,iates 

the 1 st silicon-single-crystal wafer 
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lyit i nuu ■»» • t 

l001 1, ,„ , h e 2nd mode of the ^1*^,^^* 

me 2nd wafer of the above combining ^■^^^T^ silicon-single-erystal wafer, 
foam layer can be formed in the field which has the . gnddisl d ^ „ is desirable to be 
ZttZttSZZ^ slSetyTo^netma, oidafion. Aa the 2nd wafer of 
K3£ « * «S use a sincon-single.rys.al wafer. 

&men,s of fhelnvention^ 

fundamentally. J „ , .. H which are finally distorted and serve as material of 

$15] First, the 1st and 2nd S, ^.^"^iTw Single crystal silicon, especially limitation is 
Si layer are prepared [ drawjagj. (a)l. » ^nwfcrwn „ ^fz method can be used for it. However, 
not carried out but Si wafer P-f^.^Sls a device, it is desirable that a crystal 

SSfll About 10 - 40% of germanium J^fflft 2" - 
Sstorion Si layer ^.^.'SSi^jS^iSr 10 according to the difference in the 
ILroms easv to generate misfit transposition in trie oioc i=, AQ% „ has a bad nfluence on 

Sconsianl of the Si waferWI and the SK3e layer 10 q * ' , ^ h ^i C if ne ss of the SiGe layer 10 has 
£3£wMy of the distortion Si la yerfinal^ ^chhas ten aion distortion sufficient in 
\Sm . - desirable about 1 miaometer. ^^trtonl^ayer The device property which is dislorted by 

thirkness effect of the 1 st Si wafer W1 . . _ . 1 0 r drawing 1 (c)]. Formation 

SS5fl£r.n oxide film 12 is ^n^ron^e fj^jg^ aL^rtb^CVD. if the 

l of an oxide film may use ihe usual mdongj ^f^ ace cne mical - stable SiO two-layer - 1 2 

oxidizing I thermally ] method is used " s ^ 'ayer ^ "J b tne siGe layer 10, and germanium 

is formed excessive germanium atom is soon taken < aut oy ne y n , um 

eventration in the SiGe ^ 

composition at the time of growing e Pf™^"° r ™ distortion Si layer finally formed can be raised by 
made comparatively low, the ^'^ K ^^TSZ to obtain sufficient tension distortion, 
oxidizing thermally SiGe layer 10 front ^^SS^Sdand may be performed. 
Sal oxidation and oxide-film removal may J B J2Jf^^^ 10 front face and the 2nd Si wafer 
0019 I Next the front face of the oxide film 12 fonned « ^J^li wnicn can bear a next thin film- 
E stuck, and it heat-treats so ^^SS^S^S^^ will not be limited especially 
teed process [heat-of-linkage processing j ^OgBJA Q ^ n J^an y rjnding and polish perform 

Im^JS M'^T^ t0 carry °* at 800 - 1 200 degrees c for 

Si wafer W1 is thin-fi.m-ized, it is distorted, and the Si layer 1 4 is exposed I ^ 
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f Hictortion Si laver 14 has desirable about 1-100nm. Processing is 
drawing.! (e)]. The th icknesso fthe^ djgjtona ^ sjGe |gyer 10 may stop 
ili^diffiHult, when there w.H be a P°s« ™J ^ n ^ tai 9 ned in , ess th an 1nm. if it exceeds 100nm. 
being inherent and a good device Property wir not be ooiaine , for 2 minutes by tne 

[0021] The technique to grind can be mentioned after ^ n ^^ n l waier so | U tion as the thin film- 
Set etching using the acid »r'?!EILM or the ^ The heat ' 

be omitted" or it can also join ^^^^^^ of the semiconductor wafer which is the 2nd 
[0022] (Gestalt of the 2nd Q P e ^ 0 ^t^f^^ The manufacture flow shown in drawing 2 .s 
operation gestalt of this '">^ ™» *™ ^ H^'to the manufacture flow at the time of 
only what added the process (b) which grows a 5 ee .ay io n-implantation exfoliating 

manufacturing a SOI wafer using th > sN con i J^^^ e sm arl cutting method (registered 
method (called the hydrogen ion exfoliat oxidizes the front face of the S.Ge layer m 

^^^^^ -MS (a) - « «■ i <*> • (c)] 

W1 1 drawing! (d)]. . f hvdroaen j 0 n 16 the position (depth) in which the 

[002Wde7to decide by pouring energy of a JgW^ 1 ^ abl P ation hea t treatment bordering on 
minute foam layer 18 is formed and to £J2to^lTw016*m?) exceeding 1x1016-/cm2 is 
the minute foam layer 18, the pouring, dosage e g £ Qf the max ; jmum 0 f the wafer of the 

needed. In order to make it S. laye front face on the ^rerara distortion), it is desirable 

multilayer stru^ureform^ 

(e)] and heat treatment (ablation heat ^atment) o 500 ^ e 9 r ner jn an elevate d temperature 

may raise a bond strength by performing ablation heat treatment by 

if needed. Moreover, when using this 2^^££2*« to the plasma state since the method of 

exfoliating method, ablation ^J"**^^ ablation is a mirror plane, since it has 

[0026] Although the front face of the drtorton Mttyj ^ ^ p0 „ sn |S 

some field granularity ; flattening , erf the ^ ^ to carry out flattening combining the 

conditions, 1100-1300 degrees C ^^^"^ degrees C and heat treatment for about 1 
^2 , an oxide fflm may ^"^fJTvft^ resistivity uses the high res sthrty 
( 0029] u ovsmniP is raised to below and this invention is explained to it still more 

l TSt^ 9 ^^^^ s ^^ on ,he ,0 " owin9 conditions 
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' METHOD OF MANUFACTURING SEMICONDUCTOR WAFER - SEHCo Takemine & Masaw 
^ tho n^talt of the 1 st operation was manufactured. 

S SSTJWS 1 .^ temperature and the, are 1000 degrees C and heat treatment 
(oxidizing atmosphere) of 2 houre. 

10035] 5. Thin-Film-izing [ BEMQgj . t=« „ . , , bout 2 o micrometers. 

Surface grinding: It is grinding unt the 1st S, wafer ,s set ^ 

Mirror polishing: Grind until the 1st Si wafer ™ indicated by the No. [ 2565617 ] 

"If unSlhe Z ^^f^S^X^ m I*- •"*»" * * e PACE <P ' aSma 

Assisted Chemical Etching) method. io <. orre spondence) The semiconductor wafer which 

$36] (Example 2 : ^^^S ^SL on the following condiflons accordmg to 

was shown in drawinoj and which _ has su "^ « as manufa ctured. 

the procedure of the gestalt o the 2nd operation w ( ( B!mm 2 (a)] 

SflSfSSS-S "SiSSM 8x1016-/cm2 ,0041) 5. Abiation Process , QuO* (E, and 

ro&ofDeg^C^He a.-of-LinKage Processings. 2 Hours, Nitrogen Atmosphere [0043, 7. 
Touch Polish [ prawing 2 (G)] 

7aSmpa?atU simple laminated structure. 



[Translation done.] 
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CLAIMS 



MUcomb^^ 

crvstal wafer the process which grows a s,ee e P"* this 2nd wafer - this - the manufacture 
thl front face of the 2nd wafer W^SL at whioh Si layer which thin- 

method of the semiconductor wafer charactered ^ a ™9 £ jon js exposed 
fi.m-izes the 1st siHcon-s.ngle-crystal ^ by providing the fol lowing. 

[Claim 2] The manufacture method I o ^ "JJ"^ front face of the 1st silicon-single-crystal 
The process which grows a SiGe layer front faC e of this SiGe layer, or the front 
wafer. The process which forms an ox.de J a least the t rem ^ ^ g ^ ggs |Qn 

Tace of the 2nd wafer either. The P r ? c ff h s rQ W ^ forms a minute foam layer, this 

into the 1st si'™n- s '^ the 1st silicon-single-crystal 

oxide film - minding - this ~ the rn mute * h ^ a ^y the 1st silic0 n-single-crystal wafer 
wafer and 2nd wafer - this - the process jJ*^*JSr wafer indicated by the claim 2 characterized 

2£SS2K«^ Sr5S«S-«. fining p*, heat t^tmen, or 
^%Tt£^^ 

gSJS ISSUES.* '~3«- «* *» in ,he frort - « 

aforementioned SiGe layer by ' *^,^mi CO nductor wafer indicated by any 1 term of a claim 1 to 
gSSEtSSE! Td^uCanSg^ta, wafer astne 2nd wafer ofthe above. 



[Translation done.] 
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TECHNICAL FIELD 



[Translation done.] 

PRIOR ART ____ 

Se^ 

examined by by [ wh.ch are distorted and uses a «w naj" . J gd tQ tne sjlicon single 

for the barrier layer of for example, an n ^^^^it^ made distortion inherent, 
crystal which has the usual latt.ee c on «*"*<J^ a distortion Si layer is 

[0003] The manufacture method ^^SSTS^Ob layer with a bigger lattice constant than 
ndicated by JP.9-1 80999.A and J^^SiwSI layer epitaxially, and forms Si layer. It was what 
Si, each of such technology » ^^^Z^^S^ ^ the SiGe layer by which 



[Translation done.] 
EFFECT OF THE INVENTION 



of a comparatively simple laminated structure. 



[Translation done.] 
TECHNICAL PROBLEM 



^^^^^^^^^^ 

distortion Si layer / SiGe layer / germanium i layer TSi ^S«|» Y m) . >sj layer 

wafer front face, the manufacture process .to shown J^g^ g P growth (St ep 106) -> grid 

distortion Si layer / CaF two-layer/(S Ge _ layer) / S. substrate & } (Step 

manufacture process As shown .n dg^^^^pSp^ (Step 200) ->CaF two-layer 
fne Sia^Sffl aVpeda. r a yer called CaF2 with at least two thin film 

9 rowth - Page 7 of 13 



METHOD OF MANUFACTURING SEMICONDUCTOR WAFER - SEHCo Takemine & Masak, 

,0007, Thus, by .he — ^'S^fflSSlSSt. 
structures accompanied by many TTSiod J, a semiconductor wafer that the 

[0008] this invenfton aims at offenng ^J^^ a ^ "^Zae has sufficient grid distortion to 

^r %!2E$*SS££ « * manufactured according to a simpie manufacture process. 



[Translation done.] 
MEANS 



P ans fo r solvit ^a ^satgis srrs&r 

manufacture method of the f m.conducto water or tnis in k com bined with the 

,ayer epitaxially on the front face of the «*e of the 2nd wafer through an 

Pr0 H CeS ^nd SOTi^^" the process at which Si layer which 

[0010] The 2nd mode of the ^ 

process which grows a SiGe layer J™^^. 1 ^^ , the front faC e of this SiGe layer, or the front 
The process which forms an oxide film in either [ at "east ™ ™" 1 hvdroQen ion or a rare gas ion into 
face of the 2nd wafer, The and ^.Stan layer.V.s 

the 1st silicon-single-crystal wafe f * r0 ^^ , ay er after combining the 1st silicon- 

flattening of the surface of separation of w£b out ablation, and moved to 

which exfoliated according to the above-mentioned Jne above - m entioned minute 

the 2nd wafer of the above silicon-single-crysta. wafer, 
foam layer can be formed in the ^J^^^"^ 8 ^ and the 2nd mode, it is desirable to be 
SS2/5 Kr^TSlSSaS HSI a°ytr 1 o. thermal oxidation. As *. 2nd wafer o, 
Save™ is desirable to use a silicon-single-crystal wafer. 

&men,s of the Invention, Aith^r ^^^^Z^^^t^ 

fundamentally. W9 ... fna || v distorted and serve as material of 

[0015] First, the 1st an I 2nd S. wafers W1 ^^^^sXa\ silicon, especially limitation is 
Si layer are prepared [ drawing 1 (a)]. « ^ s ' w ^ or the FZ method can be used for it. However, 
not carried out but Si wafer P/° d p ^ it is desirable that a crystal 

in order to raise the quality of ^the distortion J« "J^ 1 ^^ east specifically, the wafer which 

bmS^ 
layer 10. 
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METHOD OF MANUFACTURING SEM.CONDUCTOR WAFER - SEHCo TaKem.ne * Mas*. 

♦ Mhbtion hpat treatment) of 500 degrees C or more [ drawing 2 (f)]. Then, you 
(e)] and heat treatment (ablation heat treatment) or ouu « jn an e , evated temp erature 

may raise a bond strength by perform.n performing ablation heat treatment by 
if needed. Moreover, when us.ng to the plasma state since the method of 

a«XS£»V rt is a kind of the ion - imp,antation 

exfoliating method, ablation ^ J^^^a^^ifter ablation is a mirror plane, since it has 
[0026] Although the front face of the distortion S. layer i« * touch js 

some field granularity, flattening of the very ew^hsh of he po.u>n combjning ^ 

t?^ SWMS Kon gas o^hydrogen gas atmosphere instead 

conditions, 1100-1300 degrees C .and h ^^^\^ 350 deg rees C and heat treatment for about 1 

^ing2 , an oxide film may be forme I n the 2n d f«w^^J^ jvjt uses tne nigh resistivity 
bolhlhelst and 2nd Si wafers. Moreover as 2nd S. wafer wz semiconductor wafer for 

wafer more than 1000-ohmcm, .t excels .rr l^^^^amg substrates, such as a quartz 

^^^^^^^^ SUbStrate " ^ a,S ° 56 ^ 



[Translation done.] 
EXAMPLE 



^cKnass Wj Bggl £>! „ thickness:100 n mI 0034, 4. 

Oxidization conditions. 800 degrees pie 

BoTh SlJeSll temperature and they are 1 000 degrees C and heat treatment 
(oxidizing atmosphere) of 2 hours. 

[0035] 5. Thin-Film-izing [ DSJaOD^l , (t)J „ b 1 20 microm eters. 

Surface grinding: It is gnnd.^ 

to H about 100nm by the 9as phase etch,n9 y 

PACE (Plasma Assisted Chemical Etching) method. 



[Translation done.] 
DESCRIPTION OF DRAWINGS 

SS^*" the 1st opera,ion 9es,alt ° f ,his lnven "° n me,h ° d 



Page 10 of 13 



I c.i\ci i mi ivic*wwti 



METHOD OF MANUFACTURING SEMICONDUCTOK wai-ek - ocnou . . 

^l*Wo» chart which shows other examples of the manufacture method of the 
conventional semiconductor wafer. 

^AlSaTS film, a ,4:dis.ort,on Si layer. 16:hydrogen ion, 18 : a minute foam layer, W1. 



a W2:Si wafer. 



[Translation done.] 
DRAWINGS 
[Drawing 11 



(b) *1 Si^x-A^ 



(d) JR2Si $x-Afctt£ 



W1 

^ W2 



(e) «1 Si*x-AO>?M*<t 




[Drawing 21 



Page 11 of 13 



METHOD OF MANUFACTURING SEMICONDUCTOR WAFER - SEHCo TaKemine » Masa*. 



(a) »1»tf»2 



(b)flSl^-A© 



c 



W1 
W2 

'W1 



(c) si Gemnamwt 
(d) 

(e)fc2S1*x-/\fc*» 

(f > wwMaa 
[Drawing 31 
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[Drawing 41 
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[Translation done.] 
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